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In the course of recent experimental studies on burns our
attention was called to the high degree of staphylococcal infec-
tion in wounds when these were treated with calcium compounds.
For hundreds of years, calcium in the form of lime-water or lime-
liniment has been used in the treatment of burns and the litera-
ture has been filled with protests against the use of this medica-
tion because of the infections which result. One of the earliest
and clearest of these reports voicing a complaint against the
calcium compounds was made by Kentish (1) in 1797.
Since lime-liniment, or Carron Oil, is mainly a calcium soap,
we were interested in the report of Hall and Schwartz (2) showing
that calcium soap-protein films which form on glass and china-
ware when these are washed in hard water, cover and protect
viable bacteria from disinfectants. It seemed possible that this
same mechanism might operate in the case of the skin.
Calcium soap is insoluble in water in which it forms a fiocculent
precipitate. Price (3) has shown that the bacteria suspended
in hard water are precipitated with calcium soap. These precipi-
tates clinging to hair and to clothing (fig. 1) can, therefore, con-
tain large numbers of bacteria which are protected from the
germicidal action of the sodium soap (4, 5, 6). It seemed im-
portant to determine whether or not these precipitates could
have any effect on cutaneous infection.
The skin normally is not a good medium for bacterial growth
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as it is dry and, according to Schade and Marchionini (7), too
acid in reaction to be tolerated by the ordinary pathogens.
Arnold and Singer (8) found that a greasy skin harbors more
bacteria than a clean skin. This is true probably because of
the fact that the greasy material protects the organisms from
the germicidal acidity of the skin. In spite of the fact that the
FIG. 1. CALCIUM SOAP PRECIPITATES
skin is a poor medium it usually harbors a large number of viable
organisms among which, almost invariably, are found strains
of staphylococci. These bacteria do not cause trouble unless
conditions are suitable for their entrance into the deeper layers
of the skin. This can be effected only through the hair follicles
or through cuts and abrasions in the cornified epithelium.
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Normally the follicle is closed, both by the close approximation
of the epithelium around the hair and by the sebaceous material
issuing from the gland. It is very difficult consequently for
foreign material to enter the deeper part of the follicle or the
sebaceous gland. It seems possible, however, that calcium
soap precipitates, because of their miscibility in sebum, under
conditions of rubbing and pressure may be able to pass this bar-
rier and carry suspended bacteria into the follicle.
Since tissue in its essential nature is an emulsion, any agent
which causes a break in this emulsion or a reversion of one type
of emulsion to another can bring about pathological changes
in the tissue. Spranger (9) has shown that calcium as well as
other divalent or trivalent cations has the property of changing
oil-in-water emulsions to water-in-oil emulsions and by so doing
produces a necrotic condition favorable to bacterial growth.
Ordinarily, this action of calcium tends to decrease permeabil-
ity in tissue by increasing the oily nature of the cell barriers but
in this case it acts to increase the ease with which bacteria can
penetrate into the oily sebaceous secretion.
In support of this hypothesis, Rossides (10) has shown that
non-virulent strains of staphylococci which, when injected
alone do not produce infection, do so readily when injected with
calcium salts. Mellon (11) has observed that calcium salts
enable bacteria to leave the aqueous phase of an oil-water mix-
ture and enter the oily phase.
Since this observation by Mellon indicates a mechanism by
which bacteria could enter the hair follicles, we carried out the
following experiment to corroborate this observation.
EXPERIMENTAL
There were placed in a series of test tubes equivalent amounts of a uniform
suspension of staphylococcus albus and olive oil. To one set of these tubes an
equal amount of 5% sodium chloride was added and to another set the same
amount of 5% calcium chloride.
The tubes were sealed with vaccine bottle stoppers, the contents thoroughly
mixed, and allowed to stand. When the oily layer had completely separated,
one cubic centimeter of the aqueous layer was withdrawn through a syringe
needle and the bacteria counted by Wright's technic. The results of this ex-
periment (fig. 2) show that the bacteria decrease in number in the water layer
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when the mixture contains calcium and do not decrease when it contains sodium.
It is apparent that in the presence of calcium the bacteria enter the oily layer.
The question then arose of the ability of the bacteria to live in the oily layer or
in the soap precipitates formed.
In order to check this viability, suspensions of calcium and sodium soaps were'
inoculated with equal quantities of staphylococcus albus and incubated. One-
tenth cubic centimeter of the suspensions were removed daily, plated, and the
colonies counted. The results for the first week are shown in figure 3. Samples
taken from the sodium soap suspension were sterile on the fifth day, while those
I
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taken from the calcium soap suspensions gave high counts through the seventh
day and were not sterile until the fourteenth day.
At this point observations were made on the size of the hairs and the follicles.
By means of an ocular micrometer in a microscope mounted so that the skin
could be examined, the diameter of the follicle opening and the lanugo hair which
issued from tfds follicle were measured. Two hundred follicles were examined
and the distributions of the hair size and follicle size statistically determined and
their correlation obtained. From figure 4 it is seen that the average follicle size
was by this measurement found to be 47.3 0.43 and the hair diameter, 20.82 ii
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0.22. The correlation between the two was 0.21 0.045 showing very little
dependence of one on the other. Obviously, however, the follicle opening could
not be smaller than the hair.
An exploratory experiment was made to see if infections could be produced
on the skin of rabbits. In the first place, avirulent strains of staphylococci of
VIABIUTYoF I3ACTERIA in CALCIUM and
SODIUM SOAP SU5PENSIONS
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human origin were rubbed on the skin without results. Next, a mixture of cal-
cium soap and organisms was applied to the skin, again without results. When,
however, a miscible fat was mixed with the soap-bacteria mixture infections
were obtained readily (fig. 5).
This experiment lead to a more thorough study of the effect of calcium soap
Fia. 3
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on Infection in human subjects. A total of 576 separate experiments was per-
formed on ten subjects selected from medical students and members of the staff.
These were inoculated with an avirulent strain of staphylococcus albus which
had been subcuitured repeatedly from a known laboratory strain. From the
skin of five of the subjects cultures of bacteria were obtained. Each subject
was treated with bacteria alone; a mixture of lauric and stearic acid soap, choles-
terol, and olive oil; and a mixture of bacteria and the oil-soap mixture. These
mixtures were placed by means of sterile swabs on areas of skin that had been
carefully examined and found free from blemishes, but which had not been given
a special cleansing. All experiments were performed in a routine manner in
order to have as many factors constant as possible, especially in regard to pressure
used, the time consumed, and the amount of material applied.
After treatment each area was covered with an elastic patch similar to those
used routinely in testing for allergy. After a 24 hour interval, the patch was
removed and the area examined. A circumscribed hyperemic lesion varying in
size from a dime to a quarter, with an unbroken pustule or a ragged depression
FIG. 5
Treatment with calcium soap and staphylococci in fatty menstruum
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1 S. aureus + Ca soap + fat ++++
containing pus was read as positive. An example is given in figure 6. Progress
of the infection was recorded by means of photographs.
To some extent the degree of infection depended on the pres-
sure used in applying the inoculum and the degree of rubbing
given the skin. It was noted that an infection was almost
certain to result when visible abrasions or excoriations were
seen, but in the large number of experiments performed such
injuries tended to be equal in all the tests.
Some degree of infection was obtained in the control applica-
tions of the soap and fat mixture alone, or the bacteria alone,
part of which infection seemed due to injury to the skin, and part
due to the fact that no attempt was made to sterilize the area
CALCIUM SOAPS AND STAPHYLOCOCCAL INFECTIONS 75
before the test was made. The normal bacterial flora and dust
present on the skin was therefore, not eliminated and could be a
factor.
The results of these tests are shown in the accompanying
table (fig. 7). It is evident that there is a marked increase in
FIG. 6. Infection produced experimentally by avirulent strains of staphy-
lococci incorporated into calcium soaps—oil mixtures—after 24 hour interval.
the incidence of infection when the bacteria are combined with
calcium soap and miscible fat.
A rather surprising development in this study was the fact
that no decrease in infection was noticed when alcohol and ether
were mixed with the inoculum in the same way (fig. 8). These
tests indicate very clearly that even the best means we have of
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cleansing the skin can be nullified if the calcium soap is permitted
to remain on the skin and by so doing protect the bacteria.
Fia. 7
Experimental infections on human subjects
SOAP + FAT STAPH. ALONE SOAP + FAT + STAPH.
SUE JECT
Number of Number Number of Number Number of Number
experiments positive experiments positive experiments positive
E.S 10 3 8 1 14 11
K.J 6 2 6 2 14 10
L.S 8 3 2 3 16 13
R.M 4 2 12 2 12 10
R.B 4 0 22 6 14 11
Q.D 8 3 6 1 8 6
W.L 6 0 6 0 8 7
J.W 8 8 14 12 10 10
E.W 6 1 8 2 6 6
C.J 6 0 8 1 10 9
66 22 102 30 112 93
33.4% positive 29.4% positive 83.0% positive
10 subjects, 576 experiments.
FIG. 8
Experimental infections on human subjects
SUB3ECT
W.L
J.W
E.W
C.J
SOAP + STAPH. + ALCOHOL + ESTER SOAP + STAPH. + METAPHOSPSIATE
Number of
experiments
12
8
12
8
40
Number positive
7
8
10
7
32
Number of
experiments
4
12
12
12
40
Number positive
4
11
12
12
39
80.0% positive 97.5% positive
4 subjects, 147 experiments.
These particular substances were selected as examples of
two entirely different types of cleansers. Alcohol and ether
remove grease and soap. Sodium hexametaphosphate, as shown
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by Jones, Murray, and Ivy (12) dissolves calcium in non-ioniz-
able form and prevents formation of calcium soaps. Both re-
move calcium soap from the skin and prevent infection. The
alcohol, however, can evaporate or diffuse away in the tissue and
the metaphosphate can revert in time to the orthophosphate.
Other bacteriostatic agents in other ways can be neutralized
by the cells ultimately. It is essential, therefore, that the cal-
cium soap with its protective action for bacteria, and its potential
ability to harm tissue be removed from skin, hair, or clothing.
DISCUSSION
It appears from this study that calcium soap has a definite
effect on skin infections. In the first place, the fiocculent precipi-
tate formed by soap in hard water tends to collect much of the
bacteria suspended in the water. If this sticky precipitate gath-
ers on clothing, hairs, or in crevices in the skin it can become a
potential source of danger if not removed. If this precipitate
of calcium soap, with its adherent sodium soap and bacteria is
rubbed into the hair follicle it can become mixed with the skin
secretions and particularly with the sebum in which it is readily
miscible.
Once this material gets into the sebaceous gland it can produce
irritation, bring about change in tissue, and set free bacteria in
media favorable for its growth.
The reason that more infections than commonly seen are not
produced by this mechanism is due to the removal of most of
the calcium soap precipitates in the usual routine of cleansing
and the insolubility of the remainder in the moist skin at the
time of washing. Infections from clothing which rubs the skin
is always a potential danger as it is difficult to remove soap
residues from clothing. This formation of calcium soap from
the fatty acids of the skin is a possible explanation for the high
incidence of skin infection seen among lime and cement workers.
In the light of this evidence prophylactic cleanliness requires
the removal of soap residues from the skin and particularly
from the hair and clothing in those places where the skin is sub-
ject to rubbing. Because of the protective action of calcium
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soap for bacteria it is not sufficient that disinfectants or bac-
teriostatic agents are used without removal of the soap residues
at the same time.
SUMMARY
1. Calcium ions in oil-water mixtures containing bacteria
facilitate the passage of bacteria into the oil layer.
2. Bacteria are viable for at least two weeks time in calcium
soap precipitates.
3. The incorporation of avirulent strains of staphylococci
into calcium soap-oil mixtures increases the ability of these
organisms to enter follicles and sebaceous glands and produce
infection.
4. The prevention of calcium soap formation in wash water
and its deposition on skin, hair, or clothing is an active prophyl-
actic measure against staphylococcal skin infections.
5. Calcium soap may protect bacteria against disinfecting and
bacteriostatic agents.
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DISCUSSION
DR. DONALD M. PILLSBURY, Philadelphia: These studies afford an explanation
of a clinical observation which we have repeatedly made, that is, marked flare-
ups of staphylodermia following the use of soap. In these cases, in which the
hands are frequently involved, there is good evidence that a pyococcus, usually
hemolytic 8. aureus, is the chief etiologic factor; organisms are readily cultured
from the skin in large numbers, and there is a marked sensitivity of the patient's
skin to them. In such cases the use of soap and water causes a flare-up in the
dermatitis, yet no true contact reactivity to soap is demonstrable. Soap sub-
stitutes are often, though not always, useful in such conditions.
On the basis of the presenters's studies it would seem that the formation of
calcium soaps on the skin may furnish further opportunity for the growth of
pyococci by, in effect, the formation of an occlusive dressing. Price has shown
that any type of occlusive dressing on the skin for even short periods of time
increases the number of bacteria present, and Livingood and I have confirmed
this. I should like to ask Dr. Jones what concentration of sodium soap was
required in his experiments to kill bacteria. In determinations of the total bac-
terial count of the skin, we have noted that soap in the strength ordinarily used
in washing is not markedly antiseptic. Ordinary washing of the hands, for in-
stance, removes very few bacteria from the surface of the skin, and vigorous
mechanical friction must be used.
The work presented today is, I believe, significant, and indicates that soap
and other substances applied to the skin may have effects which seem not to be
related primarily to changes in pH, to contact sensitivity, etc.
DR. H. J. PARKRUEST, Toledo: I have been very much interested in this paper.
I formerly felt that hard water and toilet soaps were irritating to the skin. Dur-
ing the winter I made patch tests and found this precipitate to be not irritating
to normal skin; the tests were negative. This seems more significant when we
consider the fact that more or less of the sodium soap is adsorbed and carried
down with this precipitate, and included in the patch test.
I also feel, as I believe the author said, that if the washing technic is properly
carried out and rinsing thorough, as it should be, the precipitate will be removed
from the skin.
DR. TRE0D0RE CORNBLEET, Chicago: The phenomenon of the arrest of bac-
terial activity by the skin is one of great importance and fascination. To explain
this phenomenon, I have formed an hypothesis, which has its basis in physical
chemistry. The nature of the keratinous material and the conditions at the
surface of the skin are such that they can contrive to agglutinate the bacterial
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bodies to the keratotic cells. The colloidal conditions discussed in this paper
can be related in some of their aspects to such a process which the skin uses in
its own way.
Da. K. K. JoNEs, Chicago: In answer to Dr. Pillsbury, it should be understood
that calcium soap precipitates carry down any suspended material found in
the water and usually contain considerable amounts of sodium soap. I am fully
aware of Dr. Price's work along this line and have referred to it in the paper. His
work has been of fundamental importance for this study.
The same arguments which hold for calcium soap extend as well, to soaps of
other metals such as mercury, iron, magnesium, or, in fact, the soap of any heavy
metal. Mercury soap has been known for years to cause folliculitis when rubbed
on the skin during inunction trealments.
Dr. Parkhurst mentioned the precipitates formed by toilet soap in hard water.
The precipitate, in itself, is a mechanism which entraps the bacteria. It may
cling to the skin or hair and be a potential source of danger or may settle out
of the water and cling to the sides of the wash basin and so reduce the bacteria
in the water.
Infections tend to occur at the hair-line as a result of washing the hair in hard
water. The precipitated matter tends to accumulate at the hair-line as the water
drains out of the hair if the calcium soap is not removed. Rubbing or friction
can then force this precipitate with its bacteria into the follicle.
I believe that Dr. Cornbleet agrees that we do not know what kills bacteria on
the skin. There is the general idea that cleanliness is important, and that the
presence of grease and dirt on the skin protect bacteria against bactericidal
agents, such as skin acidity or dryness.
